Black-crowned night-heron (Nycticorax nycticorax) offspring were collected from a relatively uncontaminated coastal reference site (next to Chincoteague National Wildlife Refuge, VA, USA) and two sites in the Chesapeake Bay watershed (Baltimore Harbor, MD and Rock Creek Park, Washington, DC, USA). Hepatic microsomal activities of benzyloxyresorufin-O-dealkylase and ethoxyresorufin-O-dealkylase were significantly elevated (up to sixfold and ninefold induction, respectively) in pipping embryos from the Baltimore Harbor colony compared to the reference site, whereas values in embryos from the Rock Creek Park colony were intermediate. Concentrations of organochlorine pesticides and metabolites in pipping embryos from both sites in the Chesapeake watershed were greater than at the reference site but below the known threshold for reproductive impairment. However, concentrations of 10 arylhydrocarbon receptor-active polychlorinated biphenyl (PCB) congeners and estimated toxic equivalents were up to 37-fold greater in embryos collected from these two sites in the Chesapeake Bay region, with values for toxic congeners 77 and 126 exceeding those observed in pipping heron embryos from the Great Lakes. Monooxygenase activity of pipping embryos was associated with concentrations of several organochlorine pesticides, total PCBs, arylhydrocarbon receptor-active PCB congeners, and toxic equivalents (r ϭ 0.30-0.59), providing further evidence of the value of cytochrome P450 as a biomarker of organic contaminant exposure. Organochlorine contaminant levels were greater in 10-d-old nestlings from Baltimore Harbor than the reference site but had no apparent effect on monooxygenase activity or growth. These findings demonstrate induction of cytochrome P450 in pipping black-crowned night-heron embryos in the Chesapeake Bay region, probably by exposure to PCB congeners of local origin, and the accumulation of organochlorine pesticides and metabolites in nestling herons from Baltimore Harbor. Biomonitoring with additional waterbird species (e.g., bald eagle, common tern, great blue heron) that appear to be more sensitive to PCBs than black-crowned night-herons is recommended to document health of waterbirds and remediation of the Chesapeake Bay.
INTRODUCTION
Aside from their ecological role in estuaries, aesthetic value, and consumptive use as a hunted natural resources, many species of waterbirds have served as monitors of environmental health [1, 2] . Agricultural, industrial, and urban point and nonpoint source pollution and loss of submerged aquatic vegetation have been recognized as critical factors causing the deterioration of habitats that support waterbirds in the Chesapeake Bay ecosystem [3] . Although the banning of the most harmful organochlorine pesticides and the use of steel shot in place of toxic lead shot have reduced mortality and reproductive problems in birds, other pollutants may still pose a threat to raptors and waterfowl in the Chesapeake [4] . However, the paucity of contaminant exposure data for wading birds in the Chesapeake watershed does not permit an assessment of possible adverse effects on these species [4] .
The colonial nesting black-crowned night-heron (Nycticorax nycticorax; BCNH) has been used as a biomonitor of potentially contaminated wetlands and estuaries owing to its high trophic level, tendency to bioaccumulate pollutants, widespread distribution, nest site fidelity, and synchrony of nesting. Numerous field studies in Atlantic and Pacific coast estuaries and in the Great Lakes have documented contaminant exposure and associated toxicological effects in this species through measurement of pollutant burdens, biochemical responses, genetic damage, altered reproductive success, and impaired growth rates of young [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Hepatic cytochrome P450-as-* To whom correspondence may be addressed. sociated monooxygenase activity (P450) is a well-characterized biomarker of organic pollutant exposure in many vertebrates [15] [16] [17] . The qualitative and quantitative responsiveness of hepatic P450 in BCNHs has been well characterized in laboratory studies, following controlled administration of inducing agents, and in field studies, following uncontrolled exposure to anthropogenic contaminants [18] [19] [20] .
This communication reports findings of a biomonitoring study describing P450 responses and concentrations of organochlorine pesticides and metabolites and polychlorinated biphenyls (PCBs), including arylhydrocarbon (Ah) receptoractive congeners, in BCNHs collected from two colonies in the Chesapeake watershed and a coastal colony in Virginia.
MATERIALS AND METHODS

Collection sites
In May of 1991, BCNH offspring were collected from three colonies. A colony in Chincoteague Bay next to the Chincoteague National Wildlife Refuge (CNWR; 37Њ56ЈN, 75Њ25ЈW), Northhampton County, Virginia, USA, served as a relatively uncontaminated coastal reference site. Based on previous contaminant monitoring studies in BCNHs [6, [18] [19] [20] , eggs and young collected from Chincoteague Bay have been documented to have low concentrations of organochlorine pesticides and PCBs.
The Baltimore Harbor colony (BH; 39Њ14ЈN, 76Њ13ЈW) is located in a small woodlot at the Baltimore Gas and Electric Company's Synthetic Natural Gas Plant in Maryland and was presumed to be polluted by urban and industrial contaminants. Herons from this colony concentrate their foraging activity in some of the most highly industrialized areas within the Chesapeake estuary [21, 22] . In BH, sediment concentrations of Cr, Pb, Zn, chlordane, and PCBs exceed the adverse effects threshold for aquatic organisms [23] , high levels of Cd and other metals have been observed in shellfish, health advisories on consumption of several finfish species are in effect due to chlordane contamination, and there is historic evidence of harmful effects (eggshell thinning, impaired reproduction, death) in birds and other wildlife [24] .
Black-crowned night-herons in the Rock Creek Park colony (RCP; 38Њ55ЈN, 77Њ02ЈW) nest in trees above the aviary at the Smithsonian Institution National Zoological Park in Washington, DC, USA. Originally viewed as a potential reference site, it was subsequently learned that birds from this colony not only forage at the Zoological Park at Rock Creek but have also been observed to feed in the Potomac and Anacostia rivers (Paul E. Tomassoni, personal communication), which is well within their foraging range [22] . Toxicological investigations of the upper Potomac and Anacostia rivers have revealed elevated concentrations of Cd, Pb, Zn, PCBs, chlordane, and DDT in sediment, impaired survival of invertebrates and striped bass prolarvae in bioassay studies, and high incidence of histopathological lesions in fish tissue [24] . Furthermore, chlordane and PCB contamination have resulted in health advisories on consumption of several finfish species [24] . Contaminants are presumed to have adversely affected many species of birds in these rivers in the 1960s and 1970s. In the lower Potomac, a 1972 to 1973 collection of barn owls (Tyto alba) revealed elevated p,pЈ-DDE concentrations in 15% of the population that would have been detrimental to reproduction [25] . However, concentrations of total PCBs and organochlorine pesticides in eggs of green herons (Butorides striatus) collected from the lower Potomac in 1972 to 1973 were below concentrations believed to affect reproduction in this species [6] . However, prey selection by green herons (fish, insects, aquatic and terrestrial invertebrates, lower vertebrates) is at a somewhat lower level of the food chain compared to BCNHs (fish, insects, eggs and young birds, small mammals, amphibians) [26] .
Sample collections
Each BCNH colony was visited at least twice a week for about 1 month. Nests were marked with flagging and reproduction was monitored for purposes of sample collection. A single pipping embryo was collected randomly from each of 20 nests at CNWR and at BH. A single nestling (10 Ϯ 1 d of age) was collected from 10 of the 20 earlier chosen nests at each of these colonies. Due to disturbance and logistical difficulties at the RCP colony located within the grounds of the National Zoological Park, a single pipping embryo was collected from only five nests. These eggs were transported in a portable incubator to the Patuxent Wildlife Research Center where they were artificially incubated (37.6ЊC at 68-70% relative humidity) for about 1 to 2 d at which time pipping was determined by the protrusion of the egg tooth from the shell. Nestlings were not collected at the RCP colony.
Within 1 h of collection (CNWR and BH colonies) or at pipping (artificially incubated RCP samples), each embryo and nestling was macroscopically examined, weighed, and then decapitated. The liver was removed (gall bladder discarded), minced in a cryotube containing glycerol (2:1 w/v), and then snap-frozen in liquid nitrogen. The remains of each BCNH embryo or nestling were placed in chemically clean jars (ICH-EM Research, New Castle, DE USA) for subsequent contaminant analyses. These samples were transported on dry ice and stored frozen (liver samples: Ϫ70ЊC; nestling and egg samples: Ϫ10ЊC).
Determination of cytochrome P450-associated monooxygenase activities
The activities of 3 dealkylases (benzyloxyresorufin-O-dealkylase, BROD; ethoxyresorufin-O-dealkylase, EROD; and pentoxyresorufin-O-dealkylase, PROD) were determined from the rate of formation of fluorescent product as previously described [18] and more recently adapted to a computer-coupled microwell plate scanner [27] . Briefly, liver samples were thawed and homogenized, and hepatic microsomes were prepared by differential centrifugation. Twenty-four random field samples in triplicate, a reference sample in quadruplicate, and a 10-point standard curve in duplicate were included in each 96-well microtiter plate. Buffer (66 mM Tris-HCl, pH 7.4) and substrate (2.5 M for EROD and 5 M for BROD and PROD) were manually pipetted into the wells of the microtiter plate. Following a 10-min preassay incubation at 37ЊC, the reaction was initiated by the addition of 250 M NADPH in buffer. Eight readings were taken at 90-s intervals using a fluorescent plate scanner (Fluoroscan II; ICN Flow Laboratories, McLean, VA, USA). Assay conditions were optimized so that each well gave a linear response over time that was proportional to the amount of microsomes and fell within the range of the standard curve. Substrate concentrations gave a maximum velocity that was relatively constant over the duration of the assay. Microsomal protein concentration was determined by the method of Lowry et al. [28] . Activity of these dealkylases was expressed as picomoles of product formed per minute per milligram of microsomal protein. All pipping embryo samples were assayed in a 2-d period, and several weeks later all nestling samples were assayed in a 2-d period.
Organochlorine pesticide, total PCBs, and PCB congener analyses
Pipping embryos (including yolk sac; excluding liver) and nestling carcasses (liver and digestive tract removed) were individually homogenized, mixed with anhydrous sodium sulfate (quantity 25 times the sample weight), and Soxhlet-extracted with hexane. The extract was carefully concentrated to dryness and weighed for lipid determination. The lipid extract was then dissolved in petroleum ether and processed through florisil cleanup to remove fatty interferences for subsequent gas chromatographic analysis. Silica gel chromatography was used to separate organochlorine pesticides from PCBs [29] . Individual PCB congeners were isolated and analyzed by the method of Hong and Bush [30] , where the silica-gel-isolated PCB fraction was further processed by passing it through an AX-21 carbon/silica gel column. This procedure separates the non-ortho and mono-ortho coplanar PCB congeners from the nonplanar PCB congeners. The pesticides and PCBs in each of the final fractions were quantified with a gas-liquid chromatograph equipped with a 63 Ni electron capture detector. Residues in 10% of the samples were confirmed by gas chromatography/mass spectrometry. The lower limit of detection was 10 ng/g for organochlorine pesticides and metabolites and 50 ng/g for total PCBs. The lower limit of detection for individual PCB congeners was 10 pg/g. 
a Morphological measurements are expressed as mean Ϯ SE. Contaminant concentrations are geometric means and extremes (in parentheses); ND ϭ not detected; -ϭ no mean calculated as contaminant was detected in fewer than half of the samples. Site values in a row followed by the same capital letter are not significantly different by Tukey's HSD method of multiple comparison (P Ͻ 0.05).
Toxic equivalents of PCB congeners
The potential toxicity of Ah receptor-active PCB congeners in each sample was estimated by summing the products of their measured concentrations and toxic equivalency factors (TEFs). Two sets of TEFs were used, including those derived from a broad range of toxic responses in mammals [31] and 50% lethal dose (LD50) estimates in avian eggs [32] . The potential toxicity of the congeners present in each embryo is expressed as toxic equivalents (TEQs) in pg/g of sample.
Statistical analyses
Body and liver weights, P450-associated monooxygenase activities, contaminant concentrations, contaminant body burdens, and TEQs were tested for homogeneity of variance using the F-max test. Monooxygenase activities, contaminant concentrations (when detected in more than one-half of the samples), body burdens, and TEQs were log 10 -transformed to stabilize variances for statistical analyses. A value one-half the lower limit of detection was assigned to samples with undetectable contaminant concentrations. Differences among collection sites were compared by one-way analysis of variance (ANOVA), and Tukey's HSD method of multiple comparison [33] was used as a mean separation procedure. In addition, monooxygenase responses and contaminant concentrations and body burdens were compared between pipping embryo and nestling siblings by factorial ANOVA [age (pipping embryo, nestling) ϫ study location (CNWR, BH)], using nest as a blocking factor. Monooxygenase activities, contaminant concentrations, and TEQs were examined for linear relationships using Pearson product-moment correlation.
RESULTS
Pipping BCNH embryos
Morphological observations. No gross abnormalities were observed in any of the 45 pipping embryos. Neither body weight, liver weight, nor the ratio of liver to body weight differed among sites (Table 1) .
Cytochrome P450-associated monooxygenase responses. Log-transformed hepatic microsomal activities of BROD and EROD differed (p Ͻ 0.05) among collection sites. Activity of these monooxygenases was greater (p Ͻ 0.05) in pipping embryos from BH compared to CNWR, and activity of embryos collected from RCP was intermediate relative to the other sites ( Fig. 1 ). Inspection of individual values revealed that many BH and RCP embryos had monooxygenase activity that exceeded the CNWR reference site mean by more than two standard deviations (number of embryos exceeding CNWR reference site mean ϩ 2 SDs: BH ϭ 10 of 20 for BROD and 5 of 20 EROD; RCP ϭ 3 of 5 BROD and 2 of 5 EROD). Activity of PROD did not differ among study sites (extreme values: 11.6-69.1 pmol/min/mg).
Contaminant concentrations. Of 15 organochlorine pesticides or their metabolites quantified, concentrations of p,pЈ-DDE were greatest and significantly elevated (p Ͻ 0.05) in embryos from BH and RCP compared to CNWR (Table 1) . One embryo from CNWR and two embryos from BH had p,pЈ-DDE concentrations exceeding 8 g/g wet weight. In addition, dieldrin and cis-nonachlor values were also greater (p Ͻ 0.05) in embryos from the BH and RCP sites. Concentrations of other organochlorine pesticides (Table 1) were low (generally Ͻ0.1 g/g wet weight) or rarely detected (endrin, ␥-hexachlorocyclohexane, hexachlorobenezene, mirex, o,p-DDE, o,p-DDT, and ␥-chlordane) in embryos from the three study sites. Concentrations of total PCBs in embryos from BH and RCP averaged an order of magnitude greater (p Ͻ 0.05) than at CNWR.
Thirteen Ah receptor-active PCB congeners were quantified in a chosen subset of 36 embryos (Table 2 ). With the exception of low values for congener 169, the geometric mean of 12 of these congeners in BH embryos was 3-37-fold greater (p Ͻ 0.05) than that of CNWR embryos. A similar trend in congener concentrations was observed in RCP embryos. As expected from these trends, predicted TEQs of BH and RCP embryos were 20-fold and 9-fold greater (p Ͻ 0.05) than noted in CNWR embryos.
Relation among morphological observations, cytochrome P450, and contaminant concentrations. Weight of pipping embryos (without yolk sac) was neither associated with logtransformed hepatic activities of BROD and EROD nor concentrations of detectable contaminants (organochlorine pesticides and their metabolites, total PCBs, and PCB congeners) and TEQs (p Ͼ 0.05). As previously noted [18] , activities of log-transformed BROD and EROD were interrelated (p Ͻ 0.05; r ϭ 0.86; N ϭ 45 embryos), but unlike previous obser-vations [18] , PROD activity was also related to these monooxygenases (p Ͻ 0.05; r ϭ 0.60 and 0.69). Log-transformed BROD and EROD activities were associated with the concentration of several organochlorine pesticides and metabolites (dieldrin, heptachlor epoxide, ␣-chlordane, ␥-chlordane, and cis-nonachlor; p Ͻ 0.05; r ϭ 0.37-0.54; N ϭ 45), total PCBs (p Ͻ 0.05; r ϭ 0.50 and 0.55; N ϭ 45), 10 Ah receptor-active PCB congeners (numbers 77, 126, 66, 81, 105, 114, 118, 156, 157, and 189; p Ͻ 0.05; r ϭ 0.30-0.59; N ϭ 36), and TEQs (p Ͻ 0.05; r ϭ 0.48-0.53; N ϭ 36).
Ten-day-old nestling BCNH
Morphological observations. Body weight, carcass weight, liver weight, and the ratio of liver to body weight did not differ between the CNWR and BH study sites ( Table 3) .
Cytochrome P450-associated monooxygenase responses. Log-transformed hepatic microsomal activities of BROD, EROD, and PROD did not differ among collection sites. Upon inspection of individual values, only one BH nestling had elevated monooxygenase activity (i.e., BROD) that exceeded the CNWR reference site mean by more than two standard deviations.
Contaminant concentrations. Concentrations of organochlorine pesticides or their metabolites in nestling carcasses were generally lower than observed in pipping embryos ( Table  3 vs Table 1 ). Concentrations of 9 of the 15 compounds quantified were greater (p Ͻ 0.05) in nestlings from BH compared to CNWR (Table 3 ). Other organochlorine pesticides and metabolites (dieldrin, endrin, hexachlorobenezene, mirex, o,p-DDE, o,p-DDT, p,pЈ-DDT) were detected in fewer than half of the samples. Average concentrations of total PCBs in nestlings from BH were over eightfold greater (p Ͻ 0.05) than at CNWR.
Relation among morphological observations, cytochrome P450, and contaminant concentrations. Body weight of nestlings was not associated with log-transformed hepatic monooxygenase activities (p Ͼ 0.05; N ϭ 20). However, body weight (but not carcass weight) was inversely related to logtransformed concentrations of p,pЈ-DDD, p,pЈ-DDE, ␣-chlordane, ␥-chlordane, and total PCBs (p Ͻ 0.05; r ϭ Ϫ0.48 to Ϫ0.50). Although log-transformed BROD, EROD, and PROD activities in nestlings were interrelated (p Ͻ 0.05; r ϭ 0.68-0.86), monooxygenase activities were not associated with logtransformed contaminant concentrations.
Cytochrome P450 and contaminant concentrations and body burdens in sibling embryos and nestlings
A subset of the pipping embryos and nestlings were siblings (N ϭ 10 nests from CNWR and 10 nests from BH). Factorial ANOVA of this subset confirmed most of the aforementioned geographic differences, namely that sibling pipping embryos and nestlings from BH are exposed to more contaminants than those from CNWR ( Fig. 1 and Tables 1 and 3 ). Furthermore, factorial ANOVA also indicated that pipping embryos have greater contaminant concentrations than nestlings ( Fig. 1 and Table 1 vs Table 3 ).
To further evaluate posthatching contaminant exposure at CNWR and BH, the body burden (i.e., total mass of a contaminant) of several contaminants was compared between sibling pipping embryos and nestlings. For eight frequently detected organochlorines, body burden was estimated by determining the product of contaminant concentration (g/g wet weight) and carcass weight (g wet weight). Inspection of sib- ling values and statistical analysis of these data (ANOVA: age ϫ location using nest as a blocking factor when the contaminant was detected in more than half of the samples) revealed that burdens of p,pЈ-DDD, heptachlor epoxide, ␣-chlordane, ␥-chlordane, cis-nonachlor, and total PCBs were greater in nestlings than in sibling pipping embryos, and values were higher at BH than at CNWR (Table 4 ). However, dieldrin burdens in 8 of 10 pipping embryos from BH were actually greater than in their sibling nestlings. Burdens of p,pЈ-DDE were greater in 6 of 10 BH pipping embryos compared to sibling nestlings. Monooxygenase activities in sibling pipping embryos and nestlings were not associated (p Ͼ 0.05; N ϭ 20). However, log-transformed values of 7 of 15 contaminants in pipping embryos and nestlings (p,pЈ-DDD, p,pЈ-DDE, p,pЈ-DDT, ␣chlordane, cis-nonachlor, heptachlor epoxide, and total PCBs) were significantly correlated (p Ͻ 0.05; r ϭ 0.48-0.78; N ϭ 20).
DISCUSSION
Contaminant exposure of heron embryos and nestlings
Organochlorine pesticides and metabolites, total PCBs, and PCB congeners in pipping and nestling BCNHs collected at the CNWR reference site in 1991 were low and generally quite comparable to values reported in a 1989 collection [18] [19] [20] . However, concentrations of these contaminants in BCNHs from BH and RCP (only pipping embryos) were often greater than reference site values, with mean p,pЈ-DDE, other organochlorine pesticides, and total PCB concentrations equaling or exceeding levels reported in contemporarily collected BCNHs from many sites in San Francisco Bay and the Columbia River [13, 14, [18] [19] [20] . As expected, levels of p,pЈ-DDE and total PCBs were less than those observed in BCNHs collected from presumably more contaminated sites in the Great Lakes and certain north Atlantic coast estuaries over the past several decades [6, 10, 12, [18] [19] [20] 34] . Despite these intermediate levels of total PCBs in BH and RCP herons, concentrations of several Ah receptor-active PCB congeners (notably potent planar congeners 77 and 126) were markedly greater than observed in pipping BCNHs from the Great Lakes [19] . For example, concentrations of potent congeners 77 and 126 in BH ( Table 2) were 10-fold and 4-fold greater than values in pipping BCNHs from Cat Island in Green Bay, Wisconsin, USA [19] . Furthermore, TEQs in these samples approached previously reported values observed in the pipping embryos from the Great Lakes [19] . 16, 1997 2321 It has long been recognized that the geographic source of lipophilic contaminants transferred from the hen to the egg and embryo is unclear; pollutant burdens might be accumulated by hens prior to migration or acquired at the nesting site. Organochlorine contaminants in heron eggs and embryos from the Atlantic coast [5] , Great Lakes [18] , and San Francisco Bay [13] have been attributed to local exposure, whereas contaminants in BCNH eggs from relatively uncontaminated sites in the southwestern United States are believed to reflect accumulations in wintering grounds in Mexico [35] . Certainly the presence of organochlorine pesticides and PCBs in sediments and invertebrates and fish (BCNH prey items) [23, 24] of the Anacostia and Potomac rivers and BH represent potential exposure sources of hens just prior to or immediately after nesting.
Contaminant exposure at breeding sites is more clearly assessed with nestlings whose local food source (a few kilometers from nest) and rapid growth diminishes the influence of in ovo pollutants. Evidence, and even an estimate, of heron nestling exposure in BH was obtained by comparing total body burdens of contaminants in pipping embryos to those of nestlings. Upon comparing pipping embryo and nestling BCNHs from both CNWR and BH, the total mass of six organochlorine contaminants (Table 4 ) ranged from 2 to 10 times greater in nestlings, thereby documenting exposure. However, dieldrin and p,pЈ-DDE burdens were apparently greater in BH pipping embryos compared to nestlings, which could be due to a low level exposure and enhanced contaminant metabolism in the more developed nestling. A rough estimate of the daily organochlorine contaminant accumulation rate ([burden in embryo minus burden in nestling]/10 d of age ϭ total g accumulated/d; excludes effect of age-related increases in food consumption) yielded values of 0.51 g/d for heptachlor epoxide, 0.52 g/d for ␣-chlordane, 0.34 g/d for cis-nonachlor, and 16.8 g/d for total PCBs. Notably, accumulation rates for these organochlorine pesticides and metabolites in BCNH young from BH are remarkably similar to those reported in Green Bay, Wisconsin, USA [12] , although the accumulation rate for total PCBs is 61% lower.
Contaminant effects in heron embryos and nestlings
Body and organ weights of pipping embryo and nestling BCNHs collected at the CNWR site in 1991 were quite comparable to values observed in 1989 [18, 20] . Monooxygenase activities in these offspring were relatively low, further substantiating the use of this colony as a relatively uncontaminated reference site.
In the present study, there was no evidence of teratogenesis, impaired growth, or hepatomegaly (liver enlargement) in pipping BCNHs from the BH and RCP sites, although such toxic effects have been documented in heron colonies in San Francisco Bay [7, 13] and the Great Lakes, USA [10] and were shown to be related to organochlorine pesticide and PCB exposure. Furthermore, both BCNH colonies appear to be reproducing well [21, 22] (Paul E. Tomassoni, personal communication), with the concentration of p,pЈ-DDE in 90% of the samples below the 8-g/g threshold associated with impaired reproduction [36] . Nonetheless, hepatic microsomal activities of BROD and EROD in pipping BCNHs were significantly elevated at the BH and RCP sites, although the magnitude of induction in most affected individuals was considerably less than that observed in embryos from the Great Lakes [18] . Activities of these monooxygenases in BCNHs were as-sociated with concentrations of some organochlorine pesticide and metabolites, total PCBs, Ah receptor-active PCB congeners, and TEQs as previously reported [19] . Aside from serving as a biomarker of organic pollutant exposure, the biological consequences of monooxygenase induction can include enhanced detoxication and elimination of xenobiotics, alterations of endogenous steroid metabolism, and generation of reactive metabolites causing toxic injury [16, 17] . Such biochemical effects may foreshadow other subtle and adverse consequences of contaminants at higher levels of biological organization.
Despite the interrelation of contaminant concentrations in sibling embryos and nestlings and evidence of accumulation of contaminants of local origin in nestlings, hepatic monooxygenase activity was apparently unaffected in nestlings from the BH site. This may be attributed to a number of factors in nestlings including relatively larger liver size, more fully developed detoxicative mechanisms, differences in exposure (smaller and less contaminated prey items fed to nestlings vs larger and more contaminated prey items consumed by adults whose burdens are in part transferred into the egg), dilution and distribution of contaminants in rapidly growing young, and even an age-related difference of sensitivity to induction. These observations are in agreement with findings from the Great Lakes and San Francisco Bay, USA [20] , suggesting that monooxygenase activity is a less robust biomarker of organic contaminant exposure and effects in rapidly growing nestlings compared to sibling pipping embryos.
Implications for health of BCNHs and the Chesapeake Bay watershed
Based upon these and other findings in BCNHs, conclusions on their health and that of the watershed are limited, in that merely two locations (both disturbed and highly populated by man) were studied. Flourishing reproduction and apparently normal growth of young suggest that anthropogenic contaminants are well below toxicological effect thresholds for BCNHs at these sites. Furthermore, a recent study assessing genotoxic damage at several BCNH colonies did not detect alterations in the coefficient of variation of DNA content in blood and spleen cells of BCNH embryos and nestlings at the BH colony compared to the reference CNWR site [11] . However, induction of cytochrome P450 in pipping embryos, probably by exposure to toxic Ah receptor-active PCB congeners of local origin and the accumulation of organochlorine contaminants by BH nestlings demonstrate the bioavailability of potentially toxic contaminants and may foreshadow effects at higher levels of biological organization, including the population level. Based upon both laboratory and field observations, several other species of waterbirds (e.g., bald eagle, common tern, great blue heron) appear to be more sensitive to PCBs than BCNHs [32] and could be at risk in the Chesapeake Bay watershed. It is recommended that additional avian species in the watershed be evaluated and monitored in order to document the health of waterbird resources and remediation of the estuary.
